The mechanism of target base attack in DNA cytosine carbon 5 methylation.
We measured the tritium exchange reaction on cytosine C(5) in the presence of AdoMet analogues to investigate the catalytic mechanism of the bacterial DNA cytosine methyltransferase M.HhaI. Poly(dG-dC) and poly(dI-dC) substrates were used to investigate the function of the active site loop (residues 80-99), stability of the extrahelical base, base flipping mechanism, and processivity on DNA substrates. On the basis of several experimental approaches, we show that methyl transfer is the rate-limiting pre-steady-state step. Further, we show that the active site loop opening contributes to the rate-limiting step during multiple cycles of catalysis. Target base activation and nucleophilic attack by cysteine 81 are fast and readily reversible. Thus, the reaction intermediates involving the activated target base and the extrahelical base are in equilibrium and accumulate prior to the slow methyl transfer step. The stability of the activated target base depends on the active site loop closure, which is dependent on the hydrogen bond between isoleucine 86 and the guanine 5' to the target cytosine. These interactions prevent the premature release of the extrahelical base and uncontrolled solvent access; the latter modulates the exchange reaction and, by implication, the mutagenic deamination reaction. The processive catalysis by M.HhaI is also regulated by the interaction between isoleucine 86 and the DNA substrate. Nucleophilic attack by cysteine 81 is partially rate limiting when the target base is not fully stabilized in the extrahelical position, as observed during the reaction with the Gln(237)Trp mutant or in the cytosine C(5) exchange reaction in the absence of the cofactor.